The aim of this study is investigation the applicability of SSR and ISSR markers in evaluating the genetic relationships in twenty accessions of Aegilops and Triticum species with D genome in different ploidy levels. Totally, 119 bands and 46 alleles were detected using ten primers for ISSR and SSR markers, respectively. Polymorphism Information Content values for all primers ranged from 0.345 to 0.375 with an average of 0.367 for SSR, and varied from 0.29 to 0.44 with the average 0.37 for ISSR marker. Analysis of molecular variance (AMOVA) revealed that 81% (ISSR) and 84% (SSR) of variability was partitioned among individuals within populations. Comparing the genetic diversity of Aegilops and Triticum accessions, based on genetic parameters, shows that genetic variation of Ae. crassa and Ae. tauschii species are higher than other species, especially in terms of Nei's gene diversity. Cluster analysis, based on both markers, separated total accessions in three groups. However, classification based on SSR marker data was not conformed to classification according to ISSR marker data. Principal co-ordinate analysis (PCoA) for SSR and ISSR data showed that, the first two components clarified 53.48% and 49.91% of the total variation, respectively. This analysis (PCoA), also, indicated consistent patterns of genetic relationships for ISSR data sets, however, the grouping of accessions was not completely accorded to their own geographical origins. Consequently, a high level of genetic diversity was revealed from the accessions sampled from different eco-geographical regions of Iran.
INTRODUCTION
Genetic drift of germplasm in cereal especially of cultivated wheat provides a good stimulant for assessing about genetic diversity in its wild relatives. The DOI: 10.1515 DOI: 10. /plass-2015 crop wild relatives relating to the genera Aegilops L. and Triticum L. are important genetic resources, because they are evolutionarily belonged to the major agricultural crop T. aestivum L. There exist 22 Aegilops and five Triticum species in three ploidy levels consist of diploid (2n=2x=14), tetraploid (2n=4x=28) and hexaploid (2n=6x=42) cytotype (Van Slageren 1994) . Although, Iran has been known as the main center of distribution of wheat's ancestors (Kimber and Feldman 1987) and the associated compositions of Triticum and Aegilops as the richest wheat gene pool have been detected in this region, however, little information is available about the genetic diversity in wild wheat from Iran. In general, the origins of wild wheat in a range from west to northwest of Iran (East of the Fertile Crescent) are potentially ideal regions to explore for appropriate genes to further transfer into cultivated wheat (Van Slageren 1994) . Thus, study on the crop wild relatives' genetic variation in these areas provides information about the closest relatives of crops such as bread wheat (Saeidi et al. 2006) . As the D genome was involved in the formation of bread wheat (Powell et al. 1996; Dvorak et al. 1998) , the genetic variability present within Aegilops species bearing the D genome are of remarkable interest. These species are potential sources of diversity and useful alleles for breeding purposes of T. aestivum and also can serve as a secondary gene pool to improve wheat's species (Kilian et al. 2011 (Cox et al. 1992) , endosperm protein quality (Lagudah and Halloran 1988) and morpho-physiological traits (Le et al. 1986) , and also some genes for resistance to biotic and abiotic stress have been discovered in these wild relatives (Limin and Fowler 1981; Schachtman et al. 1992) . Therefore, these species have a good potential for wheat improvement.
Molecular markers provide valuable information in crop breeding, especially in studies on genetic diversity and genetic relationships between different accessions of many crop species. In particular, the polymerase chain reaction (PCR) is used to analyze the amplification fragment length polymorphism (AFLP), random amplified polymorphic DNA (RADP), simple sequence repeats (SSR), and inter-simple sequence repeats (ISSR). PCR-based methods are used to characterize mostly neutral, unique, and moderately repetitive sequences of the genome (Lagercrantz et al. 1993) . SSR and ISSR, among all marker systems, are the most popular markers based on polymerase chain reaction. These markers (SSR and ISSR) have been used widely to analyze of the genetic diversity among different species of plants (Masoumi et al. 2012) . Simple sequence repeats (SSRs) are tandem repeats of 1 to 6 nucleotides in both coding and non-coding regions. SSRs have become a marker of choice in genotyping because of their high abundance, high level of allelic variation, as well as their codominant inheritance and analytical simplicity. Besides, these markers can be efficiently applied in phylogenetically studies (Lagercrantz et al. 1993; Fahima et al. 1998) . Also, the SSR is successfully used to identify genetic diversity (Fahima et al. 1998) , produce wheat genome map, as well as, estimate genetic relationship among accessions . On the other hand, the ISSR markers are detected by means of repeaters anchored primers that are amplified between SSRs. The ISSR markers are also suitable for detecting genetic polymorphisms among accessions of different crops (Nagaoka and Ogihara 1997) . ISSR markers, furthermore, in most of plants, are more in demand because they are known to be repeatable, highly polymorphic, as well as very reproducible and highly informative (Bornet and Branchard 2001) . In the present study, 20 accessions of Aegilops and Triticum were used for evaluating genetic diversity by using of SSR and ISSR markers and comparison of these markers, as well as investigating the relationships between Triticum and Aegilops accessions sampled from different geographical origins from Iran.
MATERIALS AND METHODS

Plant materials and DNA extraction
Plant materials consisted of forty accessions of Aegilops and Triticum with different ploidy levels provided by the Gene Bank of the Agricultural College of Ilam University (Ilam province is located in western Iran). The accessions used in this research shown in Table 1 . From each accession, after the seed germination and growth, several individuals were randomly selected and about 5 gr young and clean leaves per plant were sampled. The total genomic DNA was isolated from the leaves of greenhouse-grown plants according to the CTAB protocol (Doyle and Doyle 1987) . DNA quality was also analyzed by 1% agarose.
ISSR amplification
ISSR primers were selected from the Biotechnology Laboratory, University of British Columbia, Canada. PCR amplifications were performed in the reaction mixture 20 µl containing 2 µl of isolated DNA from each sample, 10 µl of each primer, 0.4 µl dNTPs Mix, 1.5 µl Mgcl 2 , 0.3 µl Taq polymerase, 12.6 µl ddH 2 O, and 2 µl PCR buffer. Amplification was run at 95ºC for 4 min, followed by 35 cycles of denaturation at 95ºC for 30 seconds, primer annealing at 50-60ºC (varied for each primer) for 30 seconds and primer elongation at 72ºC for 1 min. The final extension was 7 min at 72ºC. The amplification reaction prod-ucts were separated on 1.5% denaturing agarose gels. The electrophoresis was run at 110 V, then staining was carried out by Ethidium Bromide. Table 1 Geographical origins from where accessions of Aegilops and Triticum collected SSR amplification SSR primers were selected based on the study of Roder et al. (1998) . Similar to ISSR marker, PCR amplifications for SSR were carried out in 20 µl mixture containing 2 µl of isolated DNA from each sample, 10 µl of each primer, 0.4 µl dNTPs Mix, 1.5 µl Mgcl 2 , 0.3 µl Taq polymerase, 12.6 µl ddH 2 O, 2 µl PCR buffer. Amplification was run at 95ºC for 5 min, followed by 35 cycles of denaturation at 95ºC for 30 seconds, primer annealing at 50, 55 and 60ºC (varied for each primer) for 30 seconds and primer elongation at 72ºC for 1 min. The final extension was 5 min at 72ºC. The amplification reaction products were run on 3% agarose gel and visualized by means of Ethidium Bromide staining. Also, the electrophoresis was performed for 2/5-3 h at 110 V. The bands were finally 
Data analysis
To characterize genetic variation, some of parameters, namely Shannon's information index (I), Nei's gene diversity (He) and the observed number of alleles (Ne) were calculated for species. All of the above calculations were carried out using PopGen 1.31 software (Yeh et al. 1999) . The analysis of molecular variance (AMOVA) was conducted by the GenAlEx software (Peakall and Smouse 2006) . Cluster analysis based on Jaccard similarity coefficients matrix among individuals was performed using the Ward method by DARwin 5.0.146 software (Darwin 2009 ). Principal co-ordinated analysis (PCoA) was also carried out to show accessions' multiple distribution in a scatter-plot by GenAlEx 6.41 software (Peakall and Smouse 2006) .
RESULTS AND DISCUSSION
Diversity analysis using SSR marker
Ten SSR primers were firstly screened for their ability to produce polymorphic patterns across the twenty Aegilops-Triticum accessions (Fig. 1 ). All primers which were repeatable and produced high resolution bands for all the accessions were selected for evaluation of genetic diversity in the accessions ( Table 2) . As a whole, 46 alleles were recognized. The number of alleles per microsatellite varied from 2 to 7 (for Xgwm33 and Xgwm469, respectively) with an average of 4.2 alleles per locus. This result was not the same as what Naghavi et al. (2007) and Saeidi et al. (2006) got. That is, the former was a range from 6 to 15 with an average of 9.21 alleles per locus; the latter was a range from 4 to 12 with an average of 7.3 alleles per locus by SSR marker. These different results might be due to use accessions from different geographical areas, as well as, different number of each accessions and their ploidy levels. The major frequency alleles ranged from 0.5 (for Xgwm539) to 0.66 (for Xgwm16) with an average of 0.56 alleles. The observed heterozygosity for primers varied from zero to 0.93 with a mean value of 0.61, so that primer Xgwm271 had the highest value. Furthermore, the polymorphism information content (PIC) and Nie's gene diversity values were various and primers Xgwm539 and Xgmw16 had the highest and lowest values in the terms of these parameters (Table 2) . Previously, the studies conducted by Naghavi et al. (2007) , Saeidi et al. (2006) and Tahernezhad et al. (2010) showed different value of PIC and Nei's gene diversity by means of SSR marker in wild population of wheat. Table 2 The SSR primers used for genetic diversity of wild ancestors of bread wheat, their major frequency allele, Nei's gene diversity, Observed heterozygosity and Polymorphism information content (PIC). The AMOVA analysis showed that the percentages of variance attributable to the differences between and within groups were 16% and 84% for SSR marker (Table 3) . Also, a summary of genetic diversity parameters (Table 4) showed that the observed heterozygosity (Ho) ranged from 0.53 (T. aestivum) to 0.70 (Ae. crassa) with a mean of 0.61. The highest and lowest value of the mean of Nei's gene diversity index (He) belonged to Ae. cylindrica (0.46) and T. aesti- 
Diversity analysis using ISSR marker
All of the ten ISSR primers were polymorphic when considered over all accessions. Totally 119 band recognized. The number of alleles per primer ranged from 8 (for primer UBC820) to 15 (for primers UBC826 and UBC878) with an average of 11.9 alleles per locus. In general, 119 DNA fragments were scored with an average of 11.9 fragments per primer and 119 of them (100%) were polymorphic (Fig. 2) . It seems that the potential of ISSR markers to produce genetic information by means of polymorphic fragments depends on the microsatellite frequency and their distribution in the species' genome wide scale. Polymorphism information content (PIC) ranged from 0.29 (UBC818) to 0.44 (UBC826) with an average 0.37 (Table 5) . Saidi et al. (2013) in a study on genetic diversity of accessions of Lamiaceae family by ISSR marker reported that the PIC values ranged from 0.28 to 0.45 with an average of 0.41. Actually, PIC is not fixed and it depends on the number of allele per locus, GT content and type of motif (Saeidi et al. 2006) . However, the PIC value has been widely used in many genetic diversity studies (Tahernezhad et al. 2010) . The results of AMOVA analysis showed that there is 19% and 81% of variance among between and within groups ( Table 3 ). The genetic diversity data for various species based on ISSR revealed that the effective number of alleles (Ne) ranged from 1.05 (T. aestivum) to 1.60 (Ae. tauschii) with a mean of 1.4 alleles. The mean of Nei's gene diversity index (He) was the highest in the Ae. tauschii species (1.45) while, the lowest value was estimated for T. aestivum species (1.29). Also, the mean of Shannon's information index (I) was highest in the Ae. tauschii species (0.40) however, the lowest mean was estimated for T. aestivum species (0.26). The Ae. tauschii, generally, comparing to the other studied species, had the highest value of I, Ho, He and Ne (Table 4 ). The result of our present study revealed that the number of effective alleles in T. aestivum is less than Ae. tauschii and other accessions, indicating that there is a great potential in discovery and use of Ae. tauschii for wheat breeding programs. Thus, these results show that there can be a level of genetic diversity among the Aegilops and Triticum accessions, indicating the high efficiency of the ISSR marker technique to reveal genetic diversity in the case of accessions of wheat. obtained dendrograms were constructed to express the results of the cluster analysis based on the SSR (Fig. 3) and ISSR (Fig. 4) , respectively. Cluster analysis distinguished 20 accessions into three major groups based on both marker systems. According to SSR marker, the first cluster included two accessions of T. aestivum, two accessions of Ae. tauschii, two accessions of Ae. crassa and two accessions of Ae. cylindrica; and the second cluster comprised two accessions of Ae. tauschii, one accessions of Ae. crassa and one accession of Ae. cylindrica together with Ae. speltoides. Finally, the third cluster included three accession of T. aestivum, two accessions of Ae. cylindrica as well as one accession of Ae. tauschii, and one accession of Ae. crassa. The remarkable point is that the accessions sampled from geographically distant regions in this study, displayed a high degree of genetic diversity. For example, in the second cluster, an accession of Ae. cylindrica and Ae. speltoides which are from two different geographical regions, exhibited a high degree of genetic diversity. Therefore, it should be noted that geographically close regions could be ecologically quite different, and conversely, regions which are geographically distant from each other, can be very similar in their environmental conditions (Moghaddam et al. 2000) . On the other hand, based on ISSR marker, accessions showed a different pattern of variation. According to this phenogram, cluster 1 included accessions no.1, 2, 3 and 5 (T. aestivum). Accession no.12, 13, 14 and 4 (three accessions of Ae. crassa and one accessions of T. aestivum) classified in the second cluster and the other accessions placed into the third cluster (comprising Ae. speltoides, all of Ae. tauschii and Ae. cylandirica accessions). In general, the Ward cluster plots showed distinct levels of divergence depending on the marker employed. The dendrograms obtained for SSR and ISSR markers showed a dissimilar pattern for accessions' distribution in different clusters; this, as it seems, may refer to the difference in genome and primers sequences. Furthermore, as revealed by AMOVA, there is a higher level of genetic variation within species than among them, indicating a remarkable genetic diversity. Such a pattern of genetic diversity has been confirmed in many other crop wild relatives (Wolfe and Liston 1998; Deshpande et al. 2001; Naghavi et al. 2010; Saidi et al. 2013) . Therefore, the results of AMOVA supported genetic diversity within species which was obtained by cluster analysis. In general, with regard to considerable genetic diversity of Aegilops accessions, especially of Ae. tauschii and Ae. crassa, it is recommended to evaluate the germplasm of these accessions. The previous studies reported high levels of genetic diversity in Aegilops germplasm, especially in Ae. tauschii collected from different geographical origins of Iran by means of allozyms system (Dudnikov and Kawahara 2006) , AFLP marker (Naghavi et al. 2007) , morphological characters ) and microsatellite marker (Naghavi et al. 2010; Tahernezhad et al. 2010) . Fig. 3 Dendrogram showing the relationships among accessions of Triticum and Aegilops species based on an analysis of SSR data using the Jaccard similarity coefficients and the Ward clustering method. For accession number see Table 1 . Fig. 4 Dendrogram showing the relationships among accessions of Triticum and Aegilops species based on an analysis of ISSR data using the Jaccard similarity coefficients and the Ward clustering method. For accession number see Table 1 .
Principal coordinate analysis
Principal co-ordinates analysis (PCoA) is an ordination technique that is similar to principle components analysis (PCA). This technique has the advantage over PCA because it can investigate any ecological distance. The PCoA was done with SSR and ISSR data in order to study the relationships among accessions (Fig. 5 and  6 ). The results showed that the first two principal coordinates explain 53.48% and 49.91% of total variation (for SSR and ISSR, respectively). Albeit the general patterns of PCoAs for both marker data were almost similar, nonetheless, it was less clear for ISSR data. Thus, based on ISSR marker, separation of all the accessions was not based on their expected geographic distribution. Considering the patterns obtained of PCoA and cluster analysis shows that there is a little relationship between genetic divergence and geographical origins, so that the accessions from similar geographical regions are separated into different groups. On contrary, accessions from different geographical regions relatively tended to be clustered as one sub-group of the dendrogram. These differences in patterns between different accessions could be expected for wild species, indicating that these species represent a large gene pool with a significant level of diversity in these species. 
Comparison of ISSR and SSR markers analysis
Overall, molecular markers provide a good estimate of genetic diversity because of their independence of confounding effects made by environmental factors (Powell et al. 1996) . In this study, two PCR-based systems (ISSR and SSRs) were employed to evaluate the genetic diversity among 20 accessions of Aegilops and Triticum species. According to the observed polymorphism by means of different SSR and ISSR markers, a high level of genetic diversity among studied Aegilops-Triticum accessions was indicated. Cross all the analyzed accessions, the average PIC values were different in two used marker systems. The average of PIC value for the ISSRs was higher than the SSRs, indicating the ability of ISSR than the SSRs to show the high efficiency of ISSR marker in revealing genetic diversity in accessions of wheat. Our results indicated that, for each species, the Shannon's information index followed by observed heterozygosity, and effective number of alleles were higher in SSR marker than ISSR marker. These differences might be due to the use of Aegilops and Triticum accessions which possess various ploidy levels, sampled from different geographical origins as well as the use of dissimilar primers sequences. Comparing the genetic diversity of Aegilops and Triticum accessions, based on genetic parameters, shows that genetic variation of Ae. crassa and Ae. tauschii species are higher than other species, especially in Nei's gene diversity parameter. Naghavi et al. (2008) also reported that the highest genetic diversity in Ae. tauschii followed by Ae. crassa. Therefore, based on these results, we can suggest that microsatellite markers have the potential to detect genetic variability in wild species. In addition, previous studies have reported a high level of genetic diversity in wheat germplasm. These studies showed that Ae. tauschii species, than modern wheat cultivars, has a greater variation in terms of the seed storage proteins and genome (Lubbers et al. 1991; Dvorak et al. 1998; Yan et al. 2003; Peterson et al. 2006; Saeidi et al. 2006; Naghavi et al. 2008) . Cluster analysis for SSR and ISSR markers constructed three main groups, which were not conformed to each other. Also, principle co-ordinate analysis (PCoA) showed that the distribution of Ae. tauschii, Ae. crassa and T. aestivum, among all accessions, based on ISSR is more clear than their distribution based on SSR. Overall, the assessment of genetic diversity estimated by these different molecular marker systems can provide different levels of important information in the management of germplasm resources (Naghavi et al. 2009 ).
CONCLUSION
Studying the relationships among breeding materials and crop wild relatives (such as information about the degree and distribution of genetic diversity) has a meaningful effect on crop improvement; hence, it is so evident that molecular markers will increasingly have an important role in crop improvement pro-grams. Our study indicated that the Aegilops and Triticum species, which are endemic to the major geographic regions of the South of the Caspian Sea and Fertile Crescent, have a high genetic diversity in the different eco-geographical regions of Iran. Therefore, detecting species which have high level of genetic variation leads us to conserve them for the breeding programs and also for the easy management of genetic resources. This study, consequently, shows that how certain parts of Iran can provide an available source of potentially useful variation for wheat improvement.
